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© Insulated gate semiconductor device. 

® An insulated gate semiconductor device Inave a 
gate protection circuit wherein the breakdown volt- 
age can be arbitrarily selected. In one embodiment, 
the gate protection circuit includes first poly silicon 
layer of a first resistance overlaying the gate insula- 
tion layer formed on the semiconductor substrate 
and laterally spaced from the gate layer, and second 
polysilicon layer of a second resistance iiigher than 
the first resistance contacting the first polysilicon 
layer to form at least one pair of diodes for protect- 
ing the gate insulation layer from electrostatic de- 
stmction caused by a sudden voltage surge applied 
to the gate layer. In a second embodiment, the gate 
protection circuit includes a pair of Schottky t>arrier 
2! diodes consisting of a gate layer and a separation 
^ layer overlaying the' gate insulation layer together 
Owith a layer contacting the gate layer and separation 
ffi layer. 
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INSULATED GATE SEMICONDUCTOR DEVICE 



BACKGROUND OF THE INVENTION 



Field of the Invention 

The present invention relates to an Insulated 
gate semiconductor device having a gate protec- 
tion circuit, such as power vertical MOSFETs or 
insulated gate bipolar transistors (referred to 
hereinafer as "IGBTs"). 



Descrlptjon of the Prior Art 

In power vertical MOSFET or IGBT semicon- 
ductor devices, a p-reglon is formed in the upper 
surface of an n-type silicon substrate. An n-type 
source region is then formed inside the p-region. A 
gate oxide layer Is formed on a portion of the p- 
rsgion and the n-type substrate surface, and a gate 
layer is then formed on the gate oxide layer. 

The resulting structure forms a channel through 
the p-region between the n-type source region and 
the n-type substrate along the gate oxide layer. A 
major current flows from a source electrode, con- 
nected to the source region and p-reglon. to a 
drain electrode disposed on the lower surface of 
the n-type silicon substrate. 

The insulated gate semiconductor devices of 
such structure must be protected from electrostatic 
destruction caused by a surge in the voltage ap- 
plied to the gate layer. Particularly, in the field of 
automotive electronics, it is essential that a gate 
protection circuit be provided to the device. To 
satisfy this, a pluarlity of protection diodes con- 
nected back to back in series are used. 

Japanese Patent Application Laid-Open Pub- 
lication No. 61-296770 describes a gate protection 
circuit for insulated gate semiconductor devices in 
which impurity is introduced into a semiconductor 
layer of a gate elech-ode to form an n-p - p-n 
junction therein, and Zener diodes, which are con- 
nected back to back in series are connected across 
a path formed between source and gate electrodes. 
Japanese Patent Application Laid-Open Publication 
No. 58-178566 describes a gate protection circuit 
in which gate protection diodes are formed by 
introducing impurity irrto a specific region in the 
semiconductor layer. 

Similarly. Japanese Patent Application Laid- 
Open Publication No.58-8846l and No. 58-87873 
describe a gate protection circuit in which gate 
protection diodes connected back to back in series 
are formed by introducing impurity into a semicon- 
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ductor layer, of a polysilicon layer disposed on a 
semiconductor substrate, for example. 

The protection diodes used in prior art gate 
protection circuits are Zener diodes. These diodes 
are formed by introducing Impurity into the semi- 
conductor layer disposed on a semiconductor sub- 
strate or directly into ttie semiconductor substrate. 
The breakdown voltage of a Zener diode Is 5V or 
less. The breakdown voltage required for the gate 
protection circuit is normally 10V or more. 

To this erxi, the gate protection circuit con- 
stituting Zener diodes comprises a plurality of 
Zener diodes connected in series in both direc- 
tions. Further, the breataiown voltage obtained is 
limited to a multiple of a Zener voltage of a single 
p-n Junction. In such a gate protection circuit it is 
very difficult to freely set the breakdown voltage 
according to the use of the semiconductor device. 



SUMMARY OF THE INVENTION 

The present invention' overcomes the problems 
and disadvantages of the prior art by providing an 
insulated gate semiconductor device witii a gate 
protection circuit whose breakdown voltage may 
easily be selected. 

Additional objects and advantages of tiie inven- 
tion will be set fortii in part in the description which 
follows, and in part will be obvious from ttw de- 
scription, or may be learned by practice of the 
invention. The objects and advantages of the inven- 
tion will t>e realised and attained by means of the 
elements and combinations particularly pointed out 
in the appended claims. 

To achieve the objects and in accordance with 
the purpose of the Invention, as embodied and 
broadly described herein, a first embodiment of the 
invention involves an insulated gate semiconductor 
device including a first region of a second con- 
ductivity type formed in the upper surface of a 
semiconductor substrate of a first conductivity 
type, a source region of the first conductivity type 
disposed in the upper surface of the substrate and 
surrounded by the first region, a gate insulating 
layer overiaying a portion of the first region be- 
tween the source region and the upper surface of 
the semiconductor substrate, and a gate layer com- 
posed of a polysilicon layer of a first predetermined 
resistance overlaying the gate insulating layer, in 
which a channel is formed in the portion of the first 
region. 

The aforesaid semiconductor device is char- 
acterized by having at least one pair of diodes, 
each diode including a first polysilicon layer of the 
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first predetermined resistance, which is made of 
the same material as the gate layer and overlays 
the gale Insulating layer extending between a re- 
gion of the semiconductor substrate containing the 
first region and a gate pad disposed above the 
gate layer, and a secorKj polysilicon layer of a 
second predetermined resistarwe higher than the 
first predetenmined resistance contacting the first 
polysilicon layer, .tfie conductivity type of the sec- 
ond polysilicon layer being different than that of the 
first polysilicon layer. The aforesaid pair of diodes 
are connected back to back in series and disposed 
between the source region and gate pad, constitut- 
ing a gate protection circuit. 

The first polysilicon layer is fonnned simulta- 
neously with the gate layer, and the extent if impu- 
rity concentration of the second polysilicon layer 
may be arbitrarily selected to give a desired break- 
down voltage for a resultant pair of diodes. The 
resultant pair of diodes structure provides a high 
breakdown voltage and allow a back to back con- 
nection of the diodes in series with each other. 

A second embodiment of the present invention 
involves an insulated gate semiconductor device 
having a gate protection circuit comprising a gate 
layer, a separation layer made of the same material 
as the gate layer and connected to a source re- 
gion, and a layer means contacting both the gate 
and separation layers. The gate layer, separation 
layer, and layer means overlay a gate insulating 
layer which overlays the upper surface of a semi- 
conductor sutjstrate. In the second emisodlment, 
either the gate or layer means is made of a semi- 
conductor material, and the gate, separation and 
layer means cooperate to form at least one pair of 
Schottky barrier diodes. 

The accompanying drawings, which are incor- 
porated in and constitute a part of this specifica- 
tion, illustrate the aforesaid embodiments of the 
invention and together with the description, serve 
to explain the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. 1 is a sectional view, taken along line A- 
A in Fig. 2, of an insulated gate semiconductor 
device according to a first emtjodimerrt of the 
present invention; 

Fig. 2 is a plan view of Fig. 1 ; 

Rg. 3 is a sectional view of an insulated gate 
semiconductor device according to a second em- 
bodiment of the present invention. 

Rg. 4 is a sectional view of an insulated gate 
bipolar transistor according to a first embodinrient 

DESCRIPTION OF THE PREFERRED EMBODI- 



MENTS 

Reference will now be made In detail to the 
present preferred embodiments of the invention, 

5 examples of which are illustrated in the accom- 
panying drawings. Wherever possible, the same 
reference numbers will be used throughout the 
drawings to refer to the same or like parts. 

Rgs. 1 and 2 refer to a first embodiment of the 

TO present invention of Rg. 3 to a second embodi- 
ment thereof. 

In Rg. 1, a silicon semiconductor substrate 
constitutes a drain layer comprising an n" layer 1 
and an n* layer 11. A first region or p-well regton 2 

75 is diffused into the upper surface of n~ layer 1 . An 
n* source regton 3 is disposed in ttw upper sur- 
face of n- layer 1 surrounded by p-well region 2. 
and a gate layer 4, constituting an n* polysilicon 
layer, is formed on the surface of a gate insulating 

20 layer 5. Gate Insulating layer 5 is layered on a 
portion of the p-well region 2. an end portion of the 
source region 3 and the n-type substrate so that a 
channel is formed in the p-well region 2 between 
the n~ layer 1 and the source region 3 under the 

25 Insulating layer 5 along the gate layer 4. 

In Rg. 2, the polysilicon layer of gate layer 4 
has windows 41. In each window, an AI or alu- 
minum conductor path contacts n source region 3 
and p-well region 2 through a contact hole 61 of an 

30 insulating layer 6. thereby to form a source elec- 
trode 7. 

In a vertical MOSFET, the current flowing on a 
path defined between source electrode 7 and a 
drain electrode 71, which is in contact with n* drain 

35 layer 1 1 . is controlled by a signal input to gate 4. 
An extension of the polysilicon layer of gate layer 4 
is in contact with an Al conductor path 8 through a 
contact hole 62 of insulating layer 6 as shown in 
Rg. 2. The Al conductor path 8 is extended to form 

40 a gate bonding pad 80. 

An extension 21 of p-well region 2 is disposed 
below gate pad 80 to improve the breakdown volt- 
age by extending a depletion layer formed between 
p-well region 2 and n~ layer 1 when a reverse 

46 voltage is applied. 

A first plurality of spaced polysilicon layers of a 
first predetermined resistance or n type poly- 
silicon layers 40 are simultaneously formed with 
gate layer 4 above extension 21 of p-well region 2. 

50 A gate insulating layer 51 is interlay ed between n 
polysilicon layers 40 and extension 21. Each of a 
second plurality of spaced polysilicon layers of a 
second predetermined resistance higher than tfie 
first predetermined resistance, otherwise referred 

55 to as p-typo polysilicon layers or p-!ayers 9, are 
layered above a respective one of n* polysilicon 
layers 40, making contact therewith through contact 
holdes 64 of insulating film 6, and the resultant 
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gate protection circuit structure constituting a pair 
of p-n diodes is patterned. 

The n* polysilicon layers 40 and p-layers 9 
form two p-n junction diodes, and ttie p-layers 9 o( 
the two diodes are connected to each other by an 
aluminium conductor layer 72. One of n poly- 
silicon layers 40 of the two p-n junction diodes is 
connected to an extended portion of a source elec- 
trode 7 through a contact hole 63. while the other 
one to a gate pad 60 through a contact hole 85. 
V\fith such connections, the two diodes are con- 
nected back to back in series between the gate 
layer and source eiecfrode. 

When the gate voltage applied to the path 
between the gate layer and source region reaches 
the breakdown voltage of one of the p-n junction 
diodes, which is determined by the extent of impu- 
rity concentration and thickness of p-layers 9, one 
of the diodes wilt break-down according to the 
polarity of the applied gate voitage. and the break- 
down current will flow through the path between the 
gate layer and source region. 

Therefore, a voltage higher than the breakdown 
voltage of the p-n junction diode will not be applied 
to that path, and consequently, gate insulating layer 
5 may be protected from electrostatic breakdown. 
The gate protection circuit can be similarly con- 
structed in IGBTs, in which a p* -layer is layered 
under n" drain layer 1 instead of the n * layer 1 1 
shown in Fig. 1 . 

According to the first embodiment of the 
present invention, at least one pair of diodes are 
formed in an insulated gate semiconductor device, 
each diode constituting a first polysilicon layer of a 
first pwedetermined resistance, wiilch is formed si- 
multaneously with and spaced from the gate layer 
of the device, and a second polysilicon layer of a 
second predetermined resistance iiigher than the 
first predetermined resistance overlaying the first 
polysilicon layer. The extent of impurity concentra- 
tion in the p-n junction of the diodes can be ar- 
bitrarily selected. 

The resultant pair of diodes have a high break- 
down voltage, and are connected back to back in 
series with each other across the path between the 
gate layer and source region of the semiconductor 
devtee. These diodes of a 10V or higher break- 
down voltage can protect the devk:e against elec- 
trostatic destruction caused by a sudden voltage 
surge applied to the gate of the semiconductor 
device. 

Since these diodes are formed in a semicon- 
ductor substrate, it is unlikely that parasitk; ele- 
ments can be formed. Consequently, the gate pro- 
tection circuit of the present invention can b& read- 
ily implemented in power vertical MOSFETs and 
IGBTs. 

Fig. 3 shows an insulated gale semiconductor 



devk^ having a gate protection circuit, which is a 
second embodiment of the present invention. 

In the second embodiment a thermal oxide 
film 102 serving as a gate insulating layer is 

s formed over an n-type semiconductor substrate 
101. An n-type polysilicon layer is deposited over 
thermal oxide film 102 by chemk^ai vapor depost- 
tkKi or CVD process, and then photoetched to form 
a gate layer 103 aruJ a separation regton 131. 

TO spaced from or>e another. 

Subsequently, a first region or a p-well region, 
a part of which is to serve as a channel, is formed 
in the upper surface of the semiconductor sub- 
' strate (not shown) by ttiermal diffusion process, for 

75 example, and an n-type source region (not shown) 
is subsequently formed in the upper surface of the 
substrate and surrourKled by the p-well region. In 
this structure,* an extenskwi of a gate electrode on 
the channel becomes gate layer 103. 

20 Then a metal such as Molybdenum(Mo). which 

forms a Schottky banier at the metal-semiconduc- 
tor junction, is deposited to form a metal layer by a 
sputtering process over the n-type polysilicon gate 
layer 103 and separation region 131. The metal 

26 layer is then photoetched to from Schottky barrier 
metal layer 104 which contacts with the gate layer 
103 and the separation layer 131. The resultant 
structure is then covered with an insulating layer 
105 made of insulating material such as phos- 

30 phorous glass (PGS). A gate terminal 161. which 
contacts gate layer 103 through a respective open- 
ing of insulating layer 105, and a source terminal 
162, which contacts separation region 131 through 
an opening of the insulating layer 105 and is con- 
as nected to a source electrode of the source region 
through a respective opening, are formed by a 
conventional manufacturing process of a semicon- 
ductor device. The gate and source terminals are 
made of Al or aluminum. 

40 In Rg. 3, gate layer 103 and separation layer 

131, botti being made of n-type polysilrcon materi- 
als, and schottky barrier metal layer 104 which 
contacts gate layer 103 and separation layer 131 to 
form Schottky barriers functionally constitute a pair 

46 of Schottky barrier diodes. These diodes are con- 
nected back to back in series and are connected 
between gate and source terminals 161 and 162, 
thus forming a gate protection circuit. 

The breakdown voltage of the gate protection 

50 circuit may be changed by selecting metal for the 
Schottky t>arrier metal layer 104 from among those 
having respectively different Schottky t>anier po- 
tential against n-type silicon materials such as Mo 
or gold (Au). If Molybdenum silicide. or stiiclde of 

55 any other metal having a high melting point is used 
for gate layer 103 and separation layer 131, and n- 
type polysilicon. for example, for the layer contact- 
ing gate layer 103 and separation layer 131 instead 
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of Schottky barrier metal layer 104. a gate protec- 
tion circuit will be formed containing a pair of 
Schottky barrier diodes connected back to back In 
series the forward bias direction of the diodes 
t»eing opposite to that in the aforesaid originaJ 
arrangement 

In this embodiment, the breakdown voltage of 
the gate protection circuit is art)itrarily set by effec- 
ting the extent of impurity concentratkan of the n- 
type polysilbon of the layer substituted for Schot- 
tky bmier metai layer 104. 

Other embodiments of the invention will be 
apparent to those skilted in the art from consider- 
ation of the specification and practice of the inven- 
tion disclosed herein, ft is intended that the speci- 
fication and examples be considered as exemplary 
only, with a true scope and spirit of the invention 
being indicated by the following claims. 

Although the above-mentioned description is 
related to a MOSFET, the present invention may 
be applied to an insulated gate bipolar transistor as 
shown In Rg, 4. in which the structure is the sanne 
as that shown in Fig. 1 except that a p* layer 11 
instead of an n* layer is formed. 



Claims 

1. An insulated gate semiconductor device hav- 
ing a gate protection circuit comprising: 

a substrate of a first conductivity type having upper 
and lower surfaces; 

a first region of a second conductivity type formed 
in the upper surface of the substrate: 
a source region of the first conductivity type 
formed in the upper surface of the substrate and 
surrounded by said first region; 
a gate insulating layer overlaying an end portion of 
said source region, a portion of said first region 
adjoining to said source region and said upper 
surfece of said substrate adjoining to said portion; 
a gate layer overlaying said gate insulating layer, a 
channel being formed in said portion of said first 
region; 

first layer means overlaying ttie gate insulation 
layer and laterally spaced from the gate iayen and 
second layer means contacting tfie first layer 
means, said first and second layer means forming 
at least one pair of diodes for protecting the gate 
Insulating layer from electrostatic destruction caus- 
ed by a sudden voltage surge applied to the gate 
layer. 

2. An insulated gate semiconductor device of 
claim 1 . wherein 

said first layer means includes a first plurality of 
spaced poly silicon layers, each having a first pre- 
determined lower resistance overlaying the gate 
insulating layer, and said second layer means in- 



cludes a second pluarfity of spaced polysiiicon 
layers, each having a second predetermined resis- 
tance higher than said first predetermined resis- 
tance, each of the second- plurality of spaced poly- 
5 silicon layers overlaying a respective one of the 
first plurality of spaced polysiiicon layers to form a 
corresponding pair of diodes therewith, and further 
comprising 

means for connecting each of said diodes back to 
70 back in series with each other for protecting the 
gate Insulating layer from electrostatic destruction 
caused by a sudden voltage surge ^plied to the 
gate layer. 

3. An insulated gate semiconductor device of 
;5 claim 2, wherein said connecting means is a con- 
ductor layer. 

4. An insulated gate semiconductor of claim 2, 
wfierein the conductivity types of the first and 
second pluralities of spaced polysilkx^n layers are 

20 different from each other. 

5. An insulated gate semiconductor of claim 2. 
-wherein the material of the first plurality of spaced 
polysiiicon layers and the material of the gate layer 
are identk:al to each other. 

25 6. An insulated gate semiconductor of claim 5, 

wherein, tt^e first plurality of spaced polysiiicon 
layers and the gate layer are foimed simultaneous- 
ly. 

7. An insulated gate semiconductor of claim 1 , 
30 further comprising a source electrode contacting 
said first and source regions. 

a. An insulated gate semiconductor device of 
claim 1: 

wherein said first layer means includes a separa- 
35 tion layer overlaying tt\e gate insulating layer, and 
said second layer means contacts an extended 
portion of said gate layer arKl separation layer to 
form at least one pair of Scfrottky barrier diodes for 
protecting the gate insulating layer from electro- 
40 Static destruction caused by a sudden voltage 
surge applied to the gate layer. 

9. An insulated gate semiconductor device of 
claim 8, wherein said gate layer, separation layer, 
and second layer means are formed on the gate 

46 insulating layer. 

10. An insulated gate semiconductor device of 
claim 8. wherein tt>e material of said gate layer and 
the material of separation layer are identical to 
each other. 

so 11. An insulated gate semiconductor device of 

claim 8. wherein said gate and separation layers 
are simultaneously formed. 

12. An insulated gate semiconductor device of 
claim 8. wherein any one of said gate and separa- 

55 tion layers and said second layer means is com- 
posed of a semiconductor material. 
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1 3- An insulated gate semiconductor device of 
claim 8. wherein the material of said second layer 
means is composed of a metEil having a Shottky 
barrier potential against n-type silicon materials. 

14. An insulated gats semiconductor device of s 
claim 13. wherein said metal is Molybdenum. 

15. An insulated gate semiconductor device of 
claim 13, wherein said metal is gold. 

16. An insulated gate semiconductor device of 
claim 8, wlierein the material of said gate layer io 
composed of a metal having a melting point ap- 
proximating that of Molybdenum sllicfde. 

17. An insulated gate semiconductor device of 
claim 16, wherein said metal is Molybdenum sili- 
cide. IS 

18. An insulated gate semiconductor device of 
claim 16. wherein said metai is silicide. 

19. An insulated gate semiconductor device of 
claim 8. wherein the material of said second layer 
means is n-type poly silicon. zo 

20. An insulated gate semiconductor device of 
claim 1 or claim 8. wherein a layer of second 
conductivit/ type is formed over said lower surface 
of said substrate of said first conductivity type. 

25 
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